In blue-green algae and photosynthetic bacteria, arginine is formed from glutamate by an eight-enzyme pathway involving acetylated intermediates (6, 7) . The regulatory mechanisms exerted on arginine biosynthesis have been extensively studied in bacteria and yeasts (16) , and the biosynthetic pathway offers examples of both end-product inhibition and of repression of enzyme biosynthesis. The second enzyme of the pathway, N-acetylglutamate phosphokinase, is known to be subject to end-product inhibition by arginine in some bacteria (15) and in blue-green algae (5) . Although three of the enzymes concerned in arginine formation have been detected in extracts of blue-green algae by Kauffman and Moore (Bacteriol. Proc., 1969, p. 149), there is no information as to the extent to which arginine represses the enzymes of its biosynthetic sequence.
When arginine (1 to 2.5 mM) was included in the otherwise autotrophic growth medium, no alteration in growth rate of Anabaena variabilis was observed. The incorporation of this amino acid into a growing culture was demonstrated by using arginine-U-14C (Fig. 1) . The isotope was mainly located in the protein fractions after analysis (14) ; detectable amounts of arginine remained in the extracellular medium, indicating that the exogenously supplied amino acid had not been exhausted. Under these growth conditions, in which an adequate amount of arginine was supplied to, and assimilated by, the organism, the levels of arginine-metabolizing enzymes were compared with those found in cells grown on arginine-free autotrophic medium.
The blue-green algae were grown and cell-free extracts were prepared as previously described (9, 10) . Enzymes were assayed by the procedures referred to in Table 1 ; in all cases, a linear response to protein concentration was established.
Five of the nine enzymes concerned in the formation of arginine from glutamate have been assayed in extracts of A. variabilis (Table 1) . The most noteworthy feature of these results is the total lack of repression of these five enzymes when their end product, arginine, was included in the growth medium. In agreement with the results of Hoare and Hoare (5) , N-acetylglutamate phosphokinase was inhibited 70% when arginine (2.5 mM) was included in the enzyme assay mixture.
The high level of ornithine transcarbamylase permitted the development, in extracts of A. variabilis, of a new convenient assay of N-acetylornithine transacetylase by converting its product, ornithine, to citrulline. Thus, incubation of acetylomithine and glutamate led to ornithine production which, in the presence of carbamyl phosphate, was converted into citrulline; a linear relationship was obtained (Fig. 2 ) that was dependent on the substrates of acetylornithine transacetylase being included in the assay mixture. There was a threshold value of ornithine necessary before ornithine transcarbamylase could convert it in to citrulline (Fig. 2) . The negligible amount of enzymatic activity observed in the absence of glutamate is indicative that the major route of ornithine synthesis is via the transacetylase reaction and not by deacetylation (5) .
Ornithine transcarbamylase was present in extracts of A. variabilis at much higher activity than the other enzymes of the pathway, and its activity was also unaltered after growth in the presence of arginine and is sharply contrasted with the strain of Escherichia coli examined (Table 2). The lack of repression of ornithine transcarbamylase by arginine was also demonstrated in Anacystis nidulans, Chlorogloea fritschii, and Gleocapsa alpicola.
Two enzymes of arginine breakdown, arginase and arginine desiminase, were increased by only 20% after inclusion of arginine in the growth medium of A. variabilis (Table 1) .
The absence of any evidence indicating repression of anabolic enzymes or induction of catabolic enzymes by arginine in A. variabilis and the other blue-green algae examined presents a uniform contrast to the data obtained with heter- otrophic microorganisms; the absence of evidence is also in accord with the lack of repressive control of glucose and acetate metabolism observed in this organism (8) (9) (10) . The failure to detect a reduction of the level of an enzyme after growth in the presence of its end product should not be taken as conclusive proof that enzyme repression is absent. Repression could be concealed if the enzyme in the minimally grown cells was partially or fully repressed due to intracellular concentrations of the end product (endogenous repression). It would be desirable to demonstrate lack of repression in an arginine auxotroph of A. variabilis, growing on limiting amounts of that amino acid, but as yet no amino acid auxotrophs of A. variabilis or any other blue-green alga have been reported.
An important feature of the growth of bluegreen algae is the excretion of nitrogenous material, peptides, and amino acids by exponentially (in gimoles): potassium phosphate (pH 7.5), 100; a-Nacetylornithine, 5; and up to 1.8 mg of cell-free extract protein in a total volume of 2 ml. After I hr at 34 C, the reaction was terminated by 10% trichloroacetic acid (I ml), and citrulline content was measured (12) . 
